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ABSTRACT
The presence of heavy metals in architectural paints poses a significant
concern for environmental and occupational health. Research on the
environmental and health risks of exposure to paint chips remains
limited. In Brazil, no studies have examined the composition of paint
chips from residential buildings and construction sites or their associated
risks. Therefore, this study aimed to evaluate the presence of potentially
hazardous metals in paint chips from renovation and demolition works
in Brazil and identify the environmental and health risks to construction
workers exposed to these metals. A total of 15 samples of household
paint chips were collected and characterized by inductively coupled
plasma-optical emission spectrometry (ICP-OES). Carcinogenic and non-
carcinogenic risks were calculated according to the methodology of the
US. Environmental Protection Agency (EPA) and considering workers’
exposure through inhalation, ingestion, and dermal contact. Among the
collected samples, one sample showed a lead concentration exceeding
600 mg/kg and two others had concentrations above 90 mg/kg.
All samples contained cadmium at concentrations below 100 mg/kg.
However, an outlier for lead was observed with hazard indices (HIs) above
1, indicating a potential health risk to workers. The study highlights a need
for awareness of the risks associated with heavy metals in paint chips and
the implementation of safety practices in the construction sector. Personal
protective equipment (PPE), such as gloves, specific clothing, and masks,
is recommended for reducing exposure to these hazardous metals, along
with measures to prevent the dispersion of these chips and to ensure

environmentally appropriate disposal.
Keywords: lead-based paint; occupational risks; environmental pollution.
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RESUMO
A presenca de metais pesados em tintas imobilidrias representa uma preocupacao
significativa para a salide ambiental e ocupacional. As pesquisas sobre 0s riscos
ambientais e a sallde associados a exposicdo a lascas de tinta ainda sao limitadas.
No Brasil, nenhum estudo examinou a composicdo de lascas de tinta provenientes
de edificaces residenciais e canteiros de obras, tampouco os riscos associados
a elas. Portanto, este estudo teve como objetivo avaliar a presenca de metais
potencialmente perigosos em lascas de tinta oriundas de reformas e demolicoes
no Brasil e identificar os riscos ambientais e a salide para os trabalhadores da
construcao civil expostos a esses metais. Foram coletadas e caracterizadas, por
espectrometria de emissdo dptica com plasma acoplado indutivamente (ICP-OES),
um total de 15 amostras de lascas de tinta de residéncias. Os riscos carcinogénicos
€ Nao carcinogénicos foram calculados com base na metodologia da Agéncia
de Protecao Ambiental dos Estados Unidos (EPA), considerando a exposicao
dos trabalhadores por inalagdo, ingestdo e contato dérmico. Entre as amostras
coletadas, uma apresentou concentracdo de chumbo superior a 600 mg/kg e
outras duas apresentaram concentragoes acima de 90 mg/kg. Todas as amostras
continham cadmio em concentragdes inferiores a 100 mg/kg. No entanto,
um valor atipico de chumbo foi observado, com indices de risco superiores
a 1, indicando um possivel risco a salde dos trabalhadores. O estudo destaca a
necessidade de conscientizacdo sobre 0s riscos associados aos metais pesados
presentes em lascas de tinta e da implementacdo de praticas de seguranca no
setor da construcao civil. Recomenda-se 0 uso de equipamentos de protecdo
individual (EPIs), como luvas, vestimentas especificas e mdscaras, para reduzir a
exposicao a esses metais perigosos, além da adocao de medidas para evitar a

dispersao dessas lascas e garantir suia destinacdo ambientalmente adequada.

Palavras-chave: tintas a base de chumbo; riscos ocupacionais; poluicao ambiental.

INTRODUCTION

The construction sector represents 6.2% of Brazil’s gross domestic product
(GDP) and is one of the sectors that generate the most formal jobs (Brasil, 2023).

However, construction workers are exposed to various components that can cause

.|

health damage, e.g., particulate matter (Wang et al., 2023), volatile organic com-
pounds (VOCs) (Sekhar et al., 2024), and heavy metals (Ceballos et al., 2021).
Sources of metals in construction sites include use of welding, handling,

and removal of paints, use of wood treatment solutions, as well as demolition or
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renovation activities of buildings (Naylor; Davies; Gopaldasani, 2020). Paints,
in particular, are significant sources of metals due to their composition, which
often includes pigments, extenders, and metallic additives. For example, chro-
mium is used for its anti-corrosive properties, whereas cadmium serves as a
pigment in yellow, red, and orange colors and also provides heat resistance.
Mercury, on the other hand, is used as a fungicide and bactericide (Puthran;
Patil, 2023), and other metals (e.g., titanium dioxide, zinc sulfide, and zinc
oxide) are widely employed as pigments in various paint formulations (Chen
et al., 2022; Diebold et al., 2022).

Lead is commonly used in paints due to its advantageous properties,
such as enhanced durability and improved surface adhesion and as a pig-
ment (O’Connor et al., 2018). However, given the harmful effects of expo-
sure to lead, the United Nations Environment Programme and the World
Health Organization have established the Global Alliance to Eliminate
Lead Paint, aiming to reduce such exposures by promoting a phase-out of
lead-containing paints. By 2020, 39% of countries had implemented legal
controls to regulate the production, import, and sale of lead-based paints
(WHO, 2021).

In Brazil, Law No. 11,762 (Brasil, 2008), enacted in 2008, established a
maximum limit of 0.06% (600 ppm) lead in residential paints, school-use
paints, and varnishes manufactured, sold, and distributed in the country.
However, paints violating this legislation are still sold (Clark et al., 2014),
and construction workers often come in contact with paint chips manufac-
tured prior to the implementation of these regulations during renovation and
demolition works of buildings.

Metals present in paint chips and dust can directly enter the human body
through ingestion, inhalation, and dermal contact and, depending on the
level of exposure, can cause serious health damage (e.g., deficiencies in the
development of brain and central nervous system in children, higher risk of
hypertension and kidney damage in adults, reduced fertility, and increased
chances of miscarriage and premature birth (Collin et al., 2022). The World
Health Organization estimates that 30% of the global burden of idiopathic
intellectual disability, 4.6% of the global burden of cardiovascular diseases,
and 3% of the global burden of chronic kidney diseases in 2019 were caused
by lead exposure (WHO, 2021).

Epidemiological research has shown that occupational exposure to cad-
mium may be associated with lung, stomach, kidney, and prostate cancers,
cardiovascular diseases, diabetes, chronic kidney diseases, osteoporosis, and
Alzheimer’s disease (Chen et al., 2016; Bakulski et al., 2020; Zhong et al., 2021;
Doccioli et al., 2024) and occupational exposure to hexavalent chromium is
associated with an increased risk of lung cancer and respiratory diseases such
as pneumonia and pulmonary fibrosis (Shin et al., 2023).

The International Agency for Research on Cancer (IARC) classifies arse-
nic, cadmium, chromium, and nickel as Group 1, i.e., carcinogenic to humans,
and other compounds, such as titanium dioxide, as Group 2B, i.e., possibly car-
cinogenic to humans. This classification is based on sufficient evidence from
experimental animal studies and inadequate evidence from epidemiological
studies (IARC,2024).

Given the various potentially hazardous components present in paints,
this study chemically characterized samples of paint chips collected from ren-
ovation and demolition works and identified the health risks to construction

workers exposed to such chips.

METHODS

Collection of paint chip samples

Paint chip samples were collected from 15 renovation and demolition sites in
the southeastern region of Brazil. Construction and demolition waste contain-
ing paint as a finish was collected and stored in sterile plastic bags. In the labo-
ratory, paint chips were removed with a spatula and then ground with a mortar
and pestle until they could pass through a 0.075 mm sieve. Between 1 and 2 g
of the sieved paint chips were placed into glass test tubes for mass character-

ization of their chemical element content.

Chemical characterization of the samples

The paint chips were analyzed for concentrations of Al, Ba, Cd, Co, Cr, Cu,
Fe, Mn, Ni, Pb, Ti, and Zn. The D 3718-85a protocol of the American Society
for Testing and Materials (ASTMD, 2022) was adopted for the determina-
tion of Cr, whereas the D 3335-85a protocol (ASTMD, 2020) was applied
for the analysis of the other elements. An additional step involving the heat-
ing of the sample with 1 mL of 50% nitric acid (v/v) on a hot plate was nec-
essary for both protocols to evaporate organic solvents present in the paint
chips. The direct digestion of the sample in a muffle furnace, as indicated in
the protocol, led to explosions caused by the organic solvents in the matrix.
Therefore, pre-heating in an acidic medium was essential to eliminate inter-
ference from these compounds.

The selection of the analyzed elements was based on a literature review,
focusing on those commonly found in household paints. They were determined
by inductively coupled plasma-optical emission spectrometry (ICP-OES) with
the Thermo Scientific iCAP 6300 model.

Health risk assessment model

The metals present in paint chips may pose health risks, particularly to workers
involved in sanding and painting walls, as they are highly exposed to paint chips
and dust. This study adopted the human health risk assessment methodology
developed by the U.S. Environmental Protection Agency (US EPA, (2002) to
evaluate these risks. The EPA model assesses the likely adverse health outcomes
from exposure, the probabilities of individuals experiencing adverse health

effects, and whether current exposure levels would pose a risk to human health.

Chronic daily intake

The potential carcinogenic and non-carcinogenic health impacts due to expo-
sure to metals from paint chips through inhalation, dermal contact, and inges-
tion pathways were calculated by the US EPA (2002) model, and the chronic
daily intake (CDI) for ingestion, inhalation, and dermal exposure pathways was

estimated by Equations 1, 2, and 3, respectively:

Ring EFED]

CDlingestion =C- [%} 1076 (1)
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The definitions and values of the variables used in Equations 1, 2, and 3

are presented in Table S1, in the Supplementary Material.
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Risk characterization

Non-carcinogenic health effects were estimated with the use of a hazard quo-
tient (HQ) for ingestion, inhalation, and dermal exposure routes (Equation 4),
and the hazard indices (HIs) for each potentially toxic element were estimated
as the sum of the corresponding HQs, taking into account all exposure routes

(US EPA, 2012) (Equation 5).

CDI,
RfD

HQ = (4)

HI = Y HQ = HQingestion + HQinhatation + HQgermal (5)

An HI greater than 1 indicates the presence of non-carcinogenic health
risks and an HI smaller than 1 suggests that exposure to paint chips is not harm-
ful (US EPA, 2004). Cancer risk (CR) (Equation 6) was assessed for As, Cr, Ni,
and Pb since they are classified as carcinogenic by the IARC (2024). The total
carcinogenic risk (TCRI) was estimated by summing the risks from each expo-

sure route (Equation 7).
CR =CDI. - SF (6)
TCRI = Z CR = CRingestion + CRinhalation + CRdermal (7)

The reference dose (RfD) values for each element and the slope factors
(SFs) for the carcinogenic elements are provided in Tables S2 and S3, respec-
tively, in the Supplementary Material. Regarding carcinogenic risk, if the CR
or TCRI falls within the range of 1x10° to 1x10*, it may indicate an accept-
able or tolerable risk; however, if it exceeds 1x10, the public may face a high
CR (Liang, 2020).

Table 1 - Metal concentrations in paint chip samples.

Statistical analysis

Shapiro-Wilk test was used to determine whether the concentration of metals
in paint chips followed a normal distribution. The resulting p-values are pre-
sented in Table S4, available in the Supplementary Material. Spearman’s corre-
lation tests were applied due to the absence of normality in the concentration

distributions of most analyzed elements.

RESULTS

Metals present in paint chips

Table 1 shows the concentrations of the metals assessed in the paint chip
samples. Only sample P4, with a concentration of 1,183.96 mg/kg, exceeded
the Brazilian regulatory limit of 600 mg/kg. According to the limit of 90 mg/
kg adopted in other countries, such as the United States, samples P2 and P14
also exceeded the permissible levels, with concentrations of 275.90 mg/kg and
102.22 mg/kg, respectively.

Studies on the characterization and risks of paint chips in Brazil are still in
the early stages. However, Clark et al. (2014) observed that paints sold prior to
regulation contained an average of 36,000 mg/kg of lead--the maximum concen-
tration found was 170,000 mg/kg. This indicates that lead levels in paint chips can
be significantly higher than those found in the samples evaluated in this study.

Mielke et al. (2001) analyzed paint chip samples from 31 houses in New
Orleans, USA, and reported lead concentrations above 100 mg/kg--the highest
being 256,797.00 mg/kg-—-and cadmium concentrations ranging from 7 to 439
mg/kg in all samples. In contrast, the present study found cadmium concentra-
tions below the 100 mg/kg limit set by the European Union (ECHA, 2012) in
all samples, with the highest value being 8.79 mg/kg.

Parameters (mg/kg)

[ [ o [ o [ o o [ w [ e [ w [ w7 | o
50 050 050 050 050 50 050 050 50 050

LOQ 050 050

P1 462689 6344 146 488 9297 1417 1657 286415 130.28 258 230991 21533
P2 458020 15585 085 156 114.81 8591 275.90 1212.26 4690 196 41208 5175
P3 105479 24896 048 017 1155 834 277 92689 1731 120 4439 3226
P4 106500 287877 485 1403 2276 10400 1,183.96 1303774 24750 145 225896 368821
P5 488700 7080 040 174 1535 2349 194 137736 4266 500 65377 6613
P6 487846 56.27 062 659 2096 533 3924 108113 3609 390 267877 44835
p7 796844 38113 058 332 4609 nd 2434 604717 21665 326 141368 13198
P8 1536513 19665 007 564 1656 1208 436 267075 26590 321 297972 12854
P9 257392 12764 024 020 9561 n nd 13759 1350 139 768 nd
P10 1053.82 13264 050 064 16.23 454 2742 69104 1292 145 37406 2372
P 1352492 103726 044 327 4587 2373 2117 517453 139.25 526 94387 387877
P12 126849 7104 Nd 106 2017 nd 157 65660 2298 190 63679 61368
P13 1048641 13495 067 481 4393 2293 140 3062.26 9245 300 264906 18750
P14 1025000 421840 879 1640 4088 4838 102.22 576415 9863 682 448679 737736
P15 1490367 8745 062 953 2756 1809 566 438585 37099 618 37481 30934

LOQ: Limit of quantification; Values exceeding the lead limit of 600 mg/kg and the USA limit of 90 mg/kg are highlighted in bold.
Source: Authors (2025).
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Ogilo et al. (2017) evaluated paint chips in Nairobi, Kenya, and found lead,
chromium, cadmium, and zinc at average concentrations of 289.59 mg/kg, 77.54
mg/kg, 73.45 mg/kg, and 366.14 mg/kg, respectively. In the present study, the
average concentrations found were 113.90 £ 304.42 mg/kg for lead, 25.51 +
30.87 mg/kg for chromium, 1.37 * 2.36 mg/kg for cadmium, and 1,143.53 +
2,142.36 mg/kg for zinc.

Inhalation of Cr(VI) increases both the incidence and risk of developing
lung cancer, whereas ingestion through drinking water increases the risk of liver
cancer (Wise Jr. et al., 2022). The Occupational Safety and Health Administration
(OSHA) has set a permissible exposure limit of 5 ug/m? for Cr(VI) compounds
in the air (OSHA, 2009), whereas the maximum allowable concentration of
total chromium in drinking water by the World Health Organization (WHO)
is 0.05 mg/L (WHO, 2021).

The concentrations of barium in the paint samples ranged from 56.27 mg/
kg to 4,218.40 mg/kg. Although no specific regulatory limit has been established
for barium in household paints, exposure to it is associated with several health
issues, including cardiovascular, renal, metabolic, neurological, and mental dis-
orders. Such associations are primarily based on studies conducted on animals
(Kravchenko et al., 2014; Peana et al., 2021).

Similarly, titanium concentrations substantially vary, from 7.68 to 4,486.79
mg/kg. Although the relationships between occupational exposure to TiO, and
mortality have not been fully elucidated, recent analytical approaches have
rekindled concerns over the potential health risks associated with the com-
pound (Hansa et al., 2023).

Iron is an essential micronutrient in several metabolic processes, includ-
ing oxygen transport. Its deficiency can lead to anemia, but, on the other
hand, the excess can cause damage to the liver, heart, and endocrine glands
(McDowell; Chen; Sticco, 2024). Epidemiological studies have suggested that
the inhalation of iron oxide is associated with increased incidences of can-
cer, cardiovascular diseases, and various respiratory illnesses (Morgan; Bell;
Jones, 2020). Due to its variety of colors (yellow, orange, red, brown, and
black), chemical stability, and low cost, iron oxides are widely used as pig-
ments (Pfaff, 2021; Muehlethaler; Massonnet, 2023). In the analyzed samples,
the iron concentration ranged from 137.59 to 13,037.74 mg/kg. The National

Institute for Occupational Safety and Health (NIOSH) in the United States has
established a recommended exposure limit of 5 mg/m? for iron oxide over a
10-h workday (New Jersey, 2007).

In addition to the health hazards associated with direct exposure to paint
chips during wall scraping and building demolition, these chips can also pose
risks to human health and the environment when dispersed in household dust
or when contaminating soil and water. Doyi et al. (2019) evaluated the risks of
exposure to household dust in homes in Sydney, Australia, and found that older
homes (over 50 years old) with reports of peeling paint and no recent renova-
tions had higher lead concentrations in household dust compared to homes
of the same age without peeling paint, indicating paint chips are a significant
source of lead in household dust.

Construction workers can also transport dust generated in their work areas
to their homes, putting their families, especially children, at risk. Ceballos et al.
(2021) observed that the homes of construction workers generally had higher
and more variable lead concentrations in dust compared to the homes of sheet

metal workers and janitors.

Correlation between metals present in paint chips
The concentration of cadmium showed a positive correlation with chromium
and lead levels (Table 2), suggesting that paints with higher concentrations may
also pose increased risks due to elevated levels of other hazardous metals, such
as chromium and lead.

Metals that showed the highest correlations were aluminum with barium
(r = 1), cobalt with titanium (r = 0.93), aluminum with manganese (r = 0.89),
barium with manganese (r = 0.89), and cobalt with nickel (r = 0.85). The high
correlation between barium and aluminum may be due to the combined use of
compounds containing these elements, such as barium sulfate (barite), which is
frequently used as a filler in paints due to its opacity and resistance properties,
enhancing the mechanical properties of the coating (Muehlethaler; Massonnet,
2023). Aluminum oxides are used as additives for improving both the durability
and resistance of paints, and aluminum silicate (kaolinite) is used for improv-
ing mechanical properties and opacity and as a white pigment (Buyondo;
Kasedde; Kirabira, 2022).

Table 2 - Spearman’s correlation coefficient matrix (r) among the evaluated elements*.

<0001 0002 0667 0066 0002 <0001 <0001 0658 0002 0045
Ba 1.00 053 0002 0667 0066 0002 <0001 <0001 0658 0002 0045
Cd 018 018 0017 o164 0038 0024 0259 0103 0007 0089 or7
Co 0.75 0.75 0.61 0695 0107 0002 0002 <0001 0076 <0001 0004
Cu 012 012 038 on 0318 0368 o411 0903 0593 0913 0763
Cr 049 049 0.54 043 028 0048 0128 0028 0179 0229 0331
Fe 0.76 0.76 0.58 035 025 0.52 <0001 <0001 0081 0013 0017
Mn 0.89 0.89 031 0.74 023 o041 0.83 0004 0314 0004 0052
Ni 0.79 0.79 044 0.85 004 0.57 0.81 0.72 0078 0003 0002
Pb 013 013 0.66 048 015 037 047 028 047 0340 0182
Ti 0.75 0.75 045 0.93 003 027 0.64 071 0.73 026 0010
Zn 0.53 0.53 037 071 009 033 0.61 0.51 0.74 036 0.65

*p-values in italics. Correlations above 05 are highlighted in bold, and significant correlations (p < 005) are underlined.

Source: Authors (2025).
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Assessment of health risk to construction workers

The non-carcinogenic risk associated with exposure to potentially toxic elements
in construction workers was assessed with the use of an HI. Median HI values
ranged from 0.00054 for nickel to 0.192 for cadmium (Figure 1). Although the
upper limit of the HI for all metals analyzed remained below 1, lead showed an
outlier with a value exceeding 1, which warrants attention. Both lead and cad-
mium are systemic toxins that can induce a range of diseases even at low levels of
exposure (Shaffer; Gilbert, 2018; Rocha; Trujillo, 2019). Lead exposure is associ-
ated with neurobehavioral effects in children, as well as cardiovascular effects and
nephrotoxicity in adults (Gundacker et al., 2021). The main documented harms
of cadmium exposure include renal dysfunction, increased risk of bone frac-
tures, and lung cancer (Chen et al., 2016; Lombaert; Gilles; Verougstraete, 2023).

Studies characterizing paints sold prior to regulation in Brazil have shown
that construction workers exposed to paints containing lead concentrations of
170,000 mg/kg (Clark et al., 2014). Furthermore, no studies in the country have
comprehensively characterized paint chips, suggesting that these workers could
be exposed to metal concentrations even higher than those reported in this study.

Ghaffarian-Bahraman et al. (2021) evaluated blood lead levels of building
and car painters in Iran. The average concentration among all painters was 8.1
+4.93 ug/dL, whereas for building painters, it was 6.7 + 1.85 ug/dL. The blood
lead levels of 19% of the painters were above 10 pg/dL, a value considered
high in adults by the United States Centers for Disease Control and Prevention
(CDC, 2013). However, to date, no safe blood lead level has been established
(Ruckart et al., 2021).

CR was calculated for each exposure route, namely, ingestion, inhalation,
and dermal contact (Figure 2a). For chromium, the ingestion route showed
the highest risk, accounting for 82.69% of the total risk (Figure 2b). Inhalation
of chromium-containing particles can cause lung cancer, whereas ingestion of
chromium is associated with male infertility, kidney diseases, and gastroin-
testinal tract diseases (e.g., small intestine neoplasia and squamous cell carci-
noma) (Shin et al., 2023).

For nickel, dermal contact was identified as the route with highest total
carcinogenic risk, representing 84.73% of its total. Nickel is the most common
cause of contact dermatitis in both occupational and non-occupational set-
tings and repeated and prolonged exposures to it can trigger an immunologi-
cal hypersensitivity response in susceptible individuals, leading to reactions

ranging from itching to severe eczematous skin lesions (Ahlstrém et al., 2019).
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Source: Authors (2025).

Although none of the analyzed elements or exposure routes showed values
above 1x10-*, which would indicate a high exposure risk, construction workers
are still exposed to hazardous metals in their work environment. Therefore, it
is essential that they wear gloves, protective clothing, and masks to minimize
contact with construction materials. Additionally, they should avoid eating in
areas contaminated with dust and paint chips and change clothes after leav-

ing the workplace to prevent carrying dust and paint chips into their homes.

Limitations and suggestions for future research

The risks associated with exposure to paint chips, especially from older build-

ings, have not yet been thoroughly explored. In Brazil, no studies have chemi-

cally characterized paint chips or assessed concentrations, bioavailability, and
exposure risks to hazardous compounds present in them. Therefore, future
research should focus on the following areas:

o Collection and characterization of a large sample of paint chips and evalu-
ation of their environmental and health risks;

o Collection of dust samples from construction sites, assessments of envi-
ronmental and health risks, and determination of whether paint chips are
sources of hazardous compounds in the dust;

« Studies involving construction workers in Brazil and assessments of the

presence of health damage due to occupational exposure.

CONCLUSIONS

The paint chip samples collected from renovation and demolition sites in Brazil

contained potentially toxic metals, such as lead, cadmium, and chromium,
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Figure 1 - Hazard index (HI) for potentially toxic elements. An HI greater than 1
indicates a non-carcinogenic health risk.
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Figure 2 - (a) Cancer risk for each exposure route and (b) total cancer risk due to
exposure to paint chips.
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among others. Lead exceeded the Brazilian regulatory limit of 600 mg/kg in one
sample and the American limit of 90 mg/kg in two other samples. Paint chips
can contaminate soil and water, posing a health risk to those exposed to them.
Although the upper limit of the HI for all analyzed metals remained below 1,
there was a significant outlier for lead, suggesting a need for stringent preven-
tive measures in the handling of paint chips.

The exposure of workers to metal concentrations significantly higher than
those observed in this study is a concern. Although none of the analyzed metals
and exposure routes showed a high CR, continuous exposure to these metals
in work environments may result in serious health risks. Therefore, the use of
personal protective equipment (PPE) and implementation of safe work practices
and quality control policies are essential for reducing exposure.

This study also highlights the importance of ongoing and more comprehen-
sive research in Brazil, including chemical characterization of paint chips and
dust in several regions and construction contexts and investigation of health
impacts on construction workers. The adoption of preventive measures and

awareness of the dangers associated with exposure to heavy metals in paints

are crucial for protecting the health of workers and the general population.
Finally, future research should expand the sampling scope and deepen the
analysis of environmental and health risks, contributing to the formulation of
effective public policies and promotion of safer working environments in the

construction industry.

AUTHORS’ CONTRIBUTIONS

Andrade, ].EC.: Conceptualization, Data Curation, Formal Analysis, Methodology,
Writing—-Original Draft, Writing—-Review and Editing. Cérdoba, R.E.:
Supervision, Writing——-Review and Editing. Schalch, V.: Supervision, Writing—-
Review and Editing.

DATA AVAILABILITY STATEMENT

The datasets generated and/or analyzed during the current study are available

from the corresponding author upon reasonable request.

REFERENCES

AHLSTROM, Malin; THYSSEN, Jacob; WENNERVALDT, Michael; MENNE,
Torkil; JOHANSEN, Jeanne. Nickel allergy and allergic contact dermatitis:
A clinical review of immunology, epidemiology, exposure, and treatment.
Contact Dermatitis, v. 81, n. 4, p. 227-241, 2019. https://doiorg/101111/cod 13327

AMERICAN SOCIETY FOR TESTING MATERIALS (ASTMD). ASTMD 3335-
85a. Standard Test Method for Low Concentrations of Lead, Cadmium and
Cobalt in Paints by Atomic Absorption Spectroscopy. ASTMD, 2020.

AMERICAN SOCIETY FOR TESTING MATERIALS (ASTMD). ASTMD 3718-
85a. Standard Test Method for Low Concentrations of Chromium in Paints
by Atomic Absorption Spectroscopy. ASTMD, 2022.

BAKULSKI, Kelly; SEO, Young Ah; HICKMAN, Ruby; BRANDT, Daniel;
VADARI, Harita; HU, Howard; PARK, Sung Kyun. Heavy Metals Exposure
and Alzheimer's Disease and Related Dementias. Journal of Alzheimer’s
Disease, v. 76, n. 4, p. 12151242, 2020. https://doiorg/10.3233/JAD-200282

BRASIL. Lei n° 11.762 de 1° de agosto de 2008. Fixa o limite maximo de
chumbo permitido na fabricacdo de tintas imobilidrias e de uso infantil e
escolar, vernizes e materiais similares e da outras providéncias. Brazil, 2008.
Available at: http://www.planalto.gov.br/ccivil 03/ ato2007-2010/2008/lei/
M762.htm#~text = LEI. Accessed on: Mar. 12, 2024.

BRASIL. Pais gerou 211.764 empregos com carteira assinada em
setembro. Ministério do Trabalho e Emprego, 2023. Available at: https://
www.gov.br/trabalho-e-emprego/pt-br/noticias-e-conteudo/2023/outubro/
pais-gerou-211-764-empregos-em-setembro. Accessed on: Sep 30, 2023

BUYONDO, Kasumba; KASEDDE, Hillary; KIRABIRA, John. A comprehensive
review on kaolin as pigment for paint and coating: Recent trends of
chemical-based paints, their environmental impacts and regulation. Case
Studies in Chemical and Environmental Engineering, v. 6, 100244, 2022.
https://doi.org/101016/j.cscee 2022100244

CEBALLOS, Diana; HERRICK, Robert; DONG, Zhao; KALWEIT, Andrew;
MILLER, Melisa; QUINN, Jenna; SPENGLER, John. Factors affecting lead dust
in construction workers’ homes in the Greater Boston Area. Environmental
Research, v. 195, 110510, 2021. https://doiorg/101016/jenvres 2020110510

CENTERS FOR DISEASE CONTROL AND PREVENTION (CDC). Very high
blood lead levels among adults — United States, 2002-2011. United
States: CDC, 2013, Available at: https://www.cdc.gov/mmwr/preview/
mmwrhtml/mme6247a6htm#~text = CDC%20considers%20BLLs%20
%E2%89%A510falls%20below%2040%20%C2%B5g%2FdL. Accessed on:
Aug 3, 2024).

CHEN, Cheng; XUN, Pengcheng; NISHIJO, Muneko; HE, Ka. Cadmium
exposure and risk of lung cancer: a meta-analysis of cohort and case-
control studies among general and occupational populations. Journal of
Exposure Science & Environmental Epidemiology, v. 26, n. 5, p. 437-444,
2016. https://doi.org/101038/jes.20166

CHEN, Man Ching; KOH, Pei Wen; PONNUSAMY, Vinoth Kumar; LEE, Siew
Ling. Titanium dioxide and other nanomaterials based antimicrobial additives
in functional paints and coatings: Review. Progress in Organic Coatings, V.
163, 106660, 2022. https://doiorg/101016/j porgcoat. 2021106660

CLARK, Scott; KUMAR, Abhay; MOHAPATRA, Piyush; RAJANKAR, Prashant;
NYCZ, Zuleica; HAMBARTSUMYAN, Amalia; Astanina, Lydia; Roda, Sandy:;
Lind, Caroline; Menrath, William; Peng, Hongying. Examination of lead
concentrations in new decorative enamel paints in four countries with
different histories of activity in lead paint regulation. Environmental
Research, v.132, p. 233-243, 2014. https://doiorg/101016/j.envres. 201403006

COLLIN, Samuel; VENKATRAMAN, Senthil Kumar; VIJAYAKUMAR,
Naveensubramaniam; KANIMOZHI, Viswanathan; ARBAAZ, Muhammad;
Stacey, Sibiya; ANUSHA, Jogannagari CHOUDHARY, Rajan; LVOV,

Eng Sanit Ambient | v. 30, e2024019, 2025 | 1-8 =


https://doi.org/10.1111/cod.13327
https://doi.org/10.3233/JAD-200282
http://www.planalto.gov.br/ccivil_03/_ato2007-2010/2008/lei/l11762.htm#
http://www.planalto.gov.br/ccivil_03/_ato2007-2010/2008/lei/l11762.htm#
https://www.gov.br/trabalho-e-emprego/pt-br/noticias-e-conteudo/2023/outubro/pais-gerou-211-764-empregos-em-setembro
https://www.gov.br/trabalho-e-emprego/pt-br/noticias-e-conteudo/2023/outubro/pais-gerou-211-764-empregos-em-setembro
https://www.gov.br/trabalho-e-emprego/pt-br/noticias-e-conteudo/2023/outubro/pais-gerou-211-764-empregos-em-setembro
https://doi.org/10.1016/j.cscee.2022.100244
https://doi.org/10.1016/j.envres.2020.110510
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6247a6.htm#
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6247a6.htm#
https://doi.org/10.1038/jes.2016.6
https://doi.org/10.1016/j.porgcoat.2021.106660
https://doi.org/10.1016/j.envres.2014.03.006

Environmental and health risks associated with concentrations of metals in paint chips in Brazil

0

Vladislav; TOVAR, Gabriel Ibrahin; SENATOV, Fedor; KOPPALA, Sivasankar;
SWAMIAPPAN, Sasikumar. Bioaccumulation of lead (Pb) and its effects on
human: A review. Journal of Hazardous Materials Advances, v. 7, 100094,
2022. https://doiorg/101016/j hazadv.2022100094

DIEBOLD, Michael; BACKER, Steven De; NIEDENZU, Philipp; HESTER, Brett;
VANHECKE, Frank. White pigments. /n: DIEBOLD, Michael; BACKER, Steven
De; NIEDENZU, Philipp; HESTER, Brett; VANHECKE, Frank. (Eds). Pigments,
extenders, and particles in surface coatings and plastics. Cham: Springer
Nature, 2022. p. 241-261. https://doiorg/101007/978-3-030-99083-1_7

DOCCIOLI, Chiara; SERA, Francesco; FRANCAVIILLA, Andrea; CUPISTI,
Adamasco; BIGGERI, Annibale. Association of cadmium environmental
exposure with chronic kidney disease: A systematic review and meta-
analysis. Science of the Total Environment, v. 906, 167165, 2024. https://
doi.org/101016/j.scitotenv.2023167165

DOYI, Israel; ISLEY, Cynthia Faye; SOLTANI, Neda Sharifi; TAYLOR, Mark
Patrick. Human exposure and risk associated with trace element
concentrations in indoor dust from Australian homes. Environment
International, v. 133, part A, 105125 2019. https://doiorg/101016/].
envint.2019105125

EUROPEAN CHEMICAL AGENCY (ECHA). Cadmium in general and
copper-based paints. Europe: ECHA, 2012. Available at: https://echa.europa.
eu/documents/10162/13641/cadmium_paints_201211_en.pdf/O6be37a2-
bO51-4fce-b006-6386ad73a95¢. Accessed on: June 27, 2024.

GHAFFARIAN-BAHRAMAN, Ali; TAHERIFARD, Alireza; ESMAEILI, Abbas;
AHMADINIA, Hassan; REZAEIAN, Mohsen. Evaluation of blood lead among
painters of buildings and cars. Toxicology and Industrial Health, v. 37, n. 12,
p. 737-744, 2021. http://doiorg/101177/07482337211042731

GUNDACKER, Claudia; FORSTHUBER, Martin; SZIGETI, Tomas; KAKUCS,
Réka; MUSTIELES, Vicente; FERNANDEZ, Mariana; BENGTSEN, Elizabeth;
VOGEL, Ulla; HANSA, Jannis; MERZENICH, Hiltrud; ORTOLANO, Lorena
Cascant; KLUG, Stefanie; BLETTNER, Maria; GIANICOLO, Emilio. Health
risks of titanium dioxide (TiO2) dust exposure in occupational settings -
A scoping review. International Journal of Hygiene and Environmental
Health, v. 252, 114212, 2023. https://doiorg/101016/jijheh.2023114212

HOUGAARD, Karin Sorig; SABER, Anne Thoustrup. Lead (Pb) and
neurodevelopment: A review on exposure and biomarkers of effect
(BDNF, HDL) and susceptibility. International Journal of Hygiene and
Environmental Health, v. 238 113855 2021. https://doiorg/101016/].
ijhen.2021113855

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (ARQ).
Monographs on the identification of carcinogenic hazards to humans.
IARC, 2024. Available at: https://monographs.iarc who.nt/agents-classified-
by-the-iarc/. Accessed on: July 28, 2024.

KRAVCHENKO, Julia; DARRAH, Thomas; MILLER, Richard; LYERLY, Kim;
VENGOSH, Avner. A review of the health impacts of barium from natural
and anthropogenic exposure. Environmental Geochemistry and Health,
V. 36, n. 4, p. 797-814, 2014. https://doi.org/101007/510653-014-9622-7

LIANG, Weihui. Volatile organic compounds, odor, and inhalation health
risks during interior construction of a fully furnished residential unit in
Nanjing, China. Building and Environment, v. 186, 107366, 2020. https://doi.
org/101016/j.buildenv.2020107366

LOMBAERT, Noomi; GILLES, Mik; VEROUGSTRAETE, Violaine. Cadmium
monitoring at the workplace: effectiveness of a combination of air- and

Cr Eng Sanit Ambient | v. 30, e2024019, 2025 | 1-8

biomonitoring. Toxics, v. 11, n. 4, p. 354-371, 2023. https://doi.org/10.3390/
toxics11040354

MCDOWELL, Lisa; CHEN, Richard; STICCO, Kristin. Iron overload. /n:
STATPEARLS. Treasure Island (FL): StatPearls Publishing; 2024.

MIELKE, Howard; POWELL, Eric; SHAH, Attaullan; GONZALES, Chris;
MIELKE, Paul. Multiple metal contamination from house paints:
consequences of power sanding and paint scraping in New Orleans.
Environmental Health Perspectives, v. 109, n. S, p. 973-978, 2001. https://
doiorg/101289/ehp.01109973

MORGAN, Jody; BELL, Robin; JONES, Alison. Endogenous doesn't always
mean innocuous: a scoping review of iron toxicity by inhalation. Journal of
Toxicology and Environmental Health - Part B: Critical Reviews, v.23,n. 3,
p. 107-136, 2020. https://doi.org/101080/10937404.20201731896

MUEHLETHALER, C; MASSONNET, G. Domestic Paint. Architectural Paint.
In: SIEGEL, Jay; SAUKKO, Pekka; HOUCK, Max (Eds). Encyclopedia of
forensic sciences. 22 ed. Academic Press, 2023. p. 250-256.

NAYLOR, Carmen; DAVIES, Brian; GOPALDASANI, Vinod. Quantitative
skin exposure assessment of metals: a systematic literature review of
current approaches for risk assessment using the construction industry
as an exposure scenario. International Archives of Occupational and
Environmental Health, v. 93, n. 7, p. 789-803, 2020. https://doiorg/101007/
500420-020-01531-8

NEW JERSEY. Department of Health. Hazardous Substance Fact Sheet—
Iron Oxide. Trenton: Department of Health, 2007.

OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION (OSHA).
Hexavalent Chromium. OSHA, 2009. Available at: http://www.oshagov/
sites/default/files/publications/OSHA-3373-hexavalent-chromium.pdf.
Accessed on: July 31, 2024.

O'CONNOR, David; HOU, Deyi; YE, Jing; ZHANG, Yunhui; OK, Yong Sik; SONG,
Yinan; COULON, Frederic; PENG, Tianyue; TIAN, Li. Lead-based paint remains
a major public health concern: A critical review of global production, trade,
use, exposure, health risk, and implications. Environment International, v.
121, part 1, p. 85101, 2018. https://doi.org/101016/jenvint.2018.08.052

OGILO, Joel; ONDITI, Anam; SALIM, Ali; YUSUF, Amir. Assessment of levels of
heavy metals in paints from interior walls and indoor dust from residential
houses in Nairobi City County, Kenya. Chemical Science International
Journal, v. 21, n. 1, p. 177, 2017. https://doiorg/109734/CSJ1/2017/37392

PEANA, Massimiliano; MEDICI, Serenella; DADAR, Maryam; ZORODDU,
Maria Antonietta; PELUCELLI, Alessio; CHASAPIS, Christos; BJORKLUND,
Geir. Environmental barium: potential exposure and health- hazards.
Archives of Toxicology, v. 95, n. 8, p. 26052612, 2021. https://doi.org/101007/
s00204-021-03049-5

PFAFF, Gerhard. Iron oxide pigments. Physical Sciences Reviews, v. 6, n. 10,
p. 535-548, 2021. https://doiorg/101515/psr-2020-0179

PUTHRAN, Dayanand; PATIL, Dilip. Usage of heavy metal-free compounds
in surface coatings. Journal of Coatings Technology and Research, v. 20,
p. 87-112, 2023, https://doiorg/101007/511998-022-00648-4

ROCHA, Angelica; TRUJILLO, Keith. Neurotoxicity of low-level lead
exposure: History, mechanisms of action, and behavioral effects in humans
and preclinical models. Neurotoxicology, v. 73, p. 58-80, 2019, https://doi.
org/101016/j.neuro.201902.021



https://doi.org/10.1016/j.hazadv.2022.100094
https://doi.org/10.1007/978-3-030-99083-1_7
https://doi.org/10.1016/j.scitotenv.2023.167165
https://doi.org/10.1016/j.scitotenv.2023.167165
https://doi.org/10.1016/j.envint.2019.105125
https://doi.org/10.1016/j.envint.2019.105125
https://echa.europa.eu/documents/10162/13641/cadmium_paints_201211_en.pdf/06be37a2-b051-4fce-b006-6386ad73a95c
https://echa.europa.eu/documents/10162/13641/cadmium_paints_201211_en.pdf/06be37a2-b051-4fce-b006-6386ad73a95c
https://echa.europa.eu/documents/10162/13641/cadmium_paints_201211_en.pdf/06be37a2-b051-4fce-b006-6386ad73a95c
http://doi.org/10.1177/07482337211042731
https://doi.org/10.1016/j.ijheh.2023.114212
https://doi.org/10.1016/j.ijheh.2021.113855
https://doi.org/10.1016/j.ijheh.2021.113855
https://monographs.iarc.who.int/agents-classified-by-the-iarc/
https://monographs.iarc.who.int/agents-classified-by-the-iarc/
https://doi.org/10.1007/s10653-014-9622-7
https://doi.org/10.1016/j.buildenv.2020.107366
https://doi.org/10.1016/j.buildenv.2020.107366
https://doi.org/10.3390/toxics11040354
https://doi.org/10.3390/toxics11040354
https://doi.org/10.1289/ehp.01109973
https://doi.org/10.1289/ehp.01109973
https://doi.org/10.1080/10937404.2020.1731896
https://doi.org/10.1007/s00420-020-01531-8
https://doi.org/10.1007/s00420-020-01531-8
http://www.osha.gov/sites/default/files/publications/OSHA-3373-hexavalent-chromium.pdf
http://www.osha.gov/sites/default/files/publications/OSHA-3373-hexavalent-chromium.pdf
https://doi.org/10.1016/j.envint.2018.08.052
https://doi.org/10.9734/CSJI/2017/37392
https://doi.org/10.1007/s00204-021-03049-5
https://doi.org/10.1007/s00204-021-03049-5
https://doi.org/10.1515/psr-2020-0179
https://doi.org/10.1007/s11998-022-00648-4
https://doi.org/10.1016/j.neuro.2019.02.021
https://doi.org/10.1016/j.neuro.2019.02.021

Andrade, JF.C; Cordoba, R.E; Schalch, V.

RUCKART, Perri Zeitz, JONES, Robert; COURTNEY, Joseph; LEBLANC,
Tanya Telfair; JACKSON, Wilma; KARWOWSKI, Mateusz; CHENG, Po-Yung;
ALLWOOD, Paul; SVENDSEN, Erik; BREYSSE, Patrick. Update of the blood
lead reference value — United States, 2021. Morbidity and Mortality
Weekly Report, v. 70, n. 43, p. 15091512, 2021. https://doiorg/1015585/
mmwr.mm7043a4

SEKHAR, Lavanya; VENUGOPAL, Vidhya; SANTHANAM, Ravikumar;
JOHNSON, Priscilla. A study of neurological functions in construction work
painters. Clinical Epidemiology and Global Health, v. 28, 101670, 2024.
https://doi.org/101016/j.cegh.2024.101670

SHAFFER, Rachel; GILBERT, Steven. Reducing occupational lead
exposures: strengthened standards for a healthy workforce.
Neurotoxicology, v. 69, p. 181186, 2018. https://doiorg/101016/].
neuro.201710.009

SHIN, Dong Yeop; LEE, Sang Min; JANG, Yujin; LEE, Jun; LEE, Cheol Min;
CHO, Eun-Min; SEO, Young Rok. Adverse human health effects of chromium
by exposure route: a comprehensive review based on toxicogenomic
approach. International Journal of Molecular Sciences, v. 24, n. 4, p. 3410,
2023, https://doi.org/10.3390/ijms24043410

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY (US EPA).
Supplemental guidance for developing soil screening levels for
superfund sites. OSWER 9355/4-24. Office of Emergency and Remedial
Response. Washington, DC.: EPA, 2002.

|

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY (US
EPA). Risk assessment guidance for superfund. Washington, D.C.
EPA, 2004. v. 1. Available at: https://www.epa.gov/sites/production/
files/2015-09/documents/part_e_final_revision_10-03-07.pdf.
Accessed on: Mar. 14, 2024.

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY (US EPA).
Regional screening levels (RSL) tables. Washington, DC: EPA, 2012. Available
at: http//wwwepagov/PacificSouthwest/Superfund. Accessed on: July 17, 2024.

WANG, Mingpu; YAO, Gang; SUN, Yujia; YANG, Yang; DENG, Rui. Exposure to
construction dust and health impacts: A review. Chemosphere, v. 311, part 1,
136990, 2023. https://doiorg/101016/jchemosphere.2022136990

WISE JR, John; YOUNG, Jamie; CAl, Jamie; CAl, Jun; CAl, Lu. Current
understanding of hexavalent chromium [Cr(VD] neurotoxicity and new
perspectives. Environment International, v. 158, 106877, 2022. https://doi.
org/101016/jenvint.2021106877

WORLD HEALTH ORGANIZATION (WHO). Guidelines for drinking-water
quality. 4th ed. Geneva: WHO, 2021.

ZHONG, Qi; WU, Hua-bing; NIU, Qin-Shan; JIA, Ping-ping; QIN, Qi-rong; WANG,
Xiao-dong; HE, Jia-liu; YANG, Wan-jun; HUANG, Fen. Exposure to multiple
metals and the risk of hypertension in adults: a prospective cohort study in
a local area on the Yangtze River, China. Environment International, v. 153,
106538, 2021. https://doiorg/101016/j.envint. 2021106538

© 2025 Associacao Brasileira de Engenharia Sanitaria e Ambiental

This is an open access article distributed under the terms of the Creative Commons license.

Eng Sanit Ambient | v. 30, e2024019, 2025 | 1-8 =


https://doi.org/10.15585/mmwr.mm7043a4
https://doi.org/10.15585/mmwr.mm7043a4
https://doi.org/10.1016/j.cegh.2024.101670
https://doi.org/10.1016/j.neuro.2017.10.009
https://doi.org/10.1016/j.neuro.2017.10.009
https://doi.org/10.3390/ijms24043410
https://www.epa.gov/sites/production/files/2015-09/documents/part_e_final_revision_10-03-07.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/part_e_final_revision_10-03-07.pdf
http://www.epa.gov/PacificSouthwest/Superfund
https://doi.org/10.1016/j.chemosphere.2022.136990
https://doi.org/10.1016/j.envint.2021.106877
https://doi.org/10.1016/j.envint.2021.106877
https://doi.org/10.1016/j.envint.2021.106538

